The well-known Russian ornithologist Prof. Peter Sushkin described it as a distinct species from Bashkortostan (Bashkiria) in 1897, a highly acclaimed discovery. However, its breeding grounds never been discovered. Since then, there has been a long-standing debate over the taxonomic position of Anser neglectus. Taxonomists have argued that Anser neglectus belongs to the group of A. fabalis Lath. because of its close resemblance with A. f. fabalis.
Introduction
Anser fabalis sp. inhabits large parts of the Palearctic tundras and taigas in Europe and Northern Asia: from Scandinavia in the West to the basin of the river Anadyr, Kamchatka and Okhotsk in the East (Stepanyan 1990 (Stepanyan , 2003 . The actual taxonomic classification of the Bean Goose species-complex after IOC World Bird List Version 9. 2 (Gill & Donsker 2019) is the following:
Taiga Bean Goose Anser fabalis (Latham, 1787) -A f. fabalis (Latham, 1787 ) -A f. johanseni Delacour, 1951 -A. f. middendorffii Severtsov, 1873 Pink-footed Goose Anser brachyrhynchus Baillon, 1834 Tundra Bean Goose Anser serrirostris Gould, 1852 -A. s. rossicus Buturlin, 1933 -A. s. serrirostris Gould, 1852 . Taiga Bean Geese have a larger body size and shape, a long bill and neck, whereas Tundra Bean Geese are smaller in shape and have a shorter bill and neck (a.o. Emel'yanov 2000, Koblik et al. 2006 ). This classification is not the result of research done by ornithologists but is based on an age-old division known to indigenous people from Northern Siberia (Middendorff in Buturlin 1934) .
However, the morphology of the Taiga and Tundra Bean Geese does not always correspond to the geographic position of their breeding sites. Earlier research (Alphéraky 1905 , Buturlin 1934 , Tugarinov 1932 stated that Taiga Bean Geese can be found breeding within the tundra belt. This was recently confirmed by Morozov (2016) , who found A. f. fabalis breeding in the south of the Bolzhemelskaya tundra (North-East Russian Europe) among nesting A. f. rossicus. Also Rozenfeld et al. (2018) recently found nests of A. f. fabalis in the tundra belt of the Yamal Peninsula (North-West Siberia) with a density of 0.01 till 0.04 breeding pairs per km of river length.
From the first half of the 19 th century onwards, many studies have been devoted to the taxonomy of the Bean Geese. The effort has proven to be a challenge due to the fact that the Bean Geese show a large morphological variability, as well as the fact that taxonomic decisions were made based on the examination of only a restricted number of individual birds. As a result, the description of species or subspecies such as A. carneirostris, A. curtus, A. anadyrensis were not confirmed by later research.
During the winter of 1891/92, P. P. Sushkin observed a new goose on two lakes in Bashkiria (East European Russia) and identified it as a new species: Anser neglectus or Sushkin's Bean Goose (later SBG) (Sushkin 1897a (Sushkin , 1897b . This eminent Russian scientist was unaware at the time that the SBG would go down in history as a mysterious bird that disappeared for unknown reasons off the face of the earth and of which the breeding sites remained unknown. Sushkin found this specimen of the SBG in a flock of nine birds. They belonged to the category of 'Great Been Geese', and could therefore not be classified as a Pink-footed goose A. brachyrhynchus. They had a pink or flesh-coloured bill band and legs, instead of orange-yellow.
Since then, many researchers have confirmed the existence of this new taxon. However, the position of the SBG within the taxonomy of the Bean Geese quickly became a matter of discussion. Numerous reviews gave very different results in the systematic position of SBG. This goose soon gained three vernacular names in the Russian language: the Ufimski Gumennik (named after Ufa, the capital of Bashkirian Republic), the Tonkoklyuvii Gumennik (Thin Bill Bean Goose) and the Tonkonosii Gumennik (Thin Nose Bean Goose). Of these three, the latter became the most common.
During migration time and in winter, large numbers of the SBG visited three haunts: the Hortobágy puszta (East Hungary), the Republic of Bashkiria, and the surroundings of the town of Tashkent (Republic of Uzbekistan). These observations were made at the end of the 19 th -beginning of the 20 th century, but from 1911 onwards the SBG disappeared quickly from these haunts.
After 1945, Hungarian and Russian literature concerning SBG was not easily accessible to ornithologists in the West. They were seldom compared with each other. Most researchers consulted either the Russian or the Hungarian literature, the latter often as large summaries in German translation. It was rare to find a synthesis that took all sources into account. Though Grote (1930a Grote ( , 1930b Grote ( , 1932 , Dementieff (1936) and Johansen (1945) were all well aware of the literature from both countries.
Furthermore, a lot of the literature concerning the SGB contained only limited references to the earliest publications by these eminent ornithologists from the end of the 19 th and the first half of the 20 th century: Buturlin (1901 Buturlin ( , 1907 Buturlin ( , 1908 Buturlin ( , 1934 , Chernel (1902 Chernel ( , 1907 Chernel ( , 1917 Chernel ( , 1918 , Madarász (1899 Madarász ( , 1900 Madarász ( , 1909 , Nagy (1907 Nagy ( , 1924 Nagy ( , 1934 , Schenk (1929 Schenk ( , 1930 Schenk ( , 1930 Schenk ( , 1934 , Sushkin (1897a Sushkin ( , 1905 Sushkin ( , 1938 , G. and L. Szomjas (1916 Szomjas ( , 1917 Szomjas ( , 1922 Szomjas ( , 1926 Szomjas ( , 1934 , Zarudniy (1888 Zarudniy ( , 1910a and others. Also, the papers of Alphéraky (1905 Alphéraky ( , 1907 , Grote (1920 Grote ( , 1930a Grote ( , 1930b Grote ( , 1934 Grote ( , 1932 , Hartert (1921 Hartert ( , 1932 , Stegmann (1935) and Stresemann (1922 Stresemann ( , 1929 Stresemann ( , 1930 Stresemann ( , 1934 , discussing the results of these first papers, remained underrepresented in later research.
Studying the existence and former distribution of A. neglectus is not easy for two reasons: Firstly, early research made a distinction between the Western Taiga Bean Goose (A. f. fabalis) and the Western Tundra Bean Goose (A. s. rossicus). Later on, this distinction was no longer made in a large part of the Palearctic, which made the study of A. neglectus more difficult (Roselaar 1977 , Huyskens 1986 .
Secondly, a serious confusion has occurred over the course of years between the earliest occurrences of the 'true' A. neglectus and a colour deviation found in all subspecies of A. fabalis sensu lato, called A. fabalis 'Type neglectus' (Danilov 1930 , Danilov in Dementieff 1936 , Tugarinov in litt. in Grote 1934 . The 'true' A. neglectus has for a long time been mistaken for this pseudo -A. neglectus.
At this time, the fate of Anser neglectus has been shrouded in mystery. Hartert wrote in 1932 that the final word has not been spoken about A. neglectus. Schenk (1929) wrote "How is it possible that the population of a species had decreased so catastrophically within only two decades, that only a few birds remained of the thousands of birds that used to occur on the Hortobágy puszta?" Also, Voous (in litt. dd. 12.03.1974) refers to the occurrence of large numbers in Hungary. The fact that these birds were recognizable by their call is a fascinating story, he wrote. The Bean Goose specialists G. Huyskens, P. Maes and others, who were aware of the former Hungarian ornithological literature, were convinced that SBG has been an independent taxonomic unit. Huyskens (1986) refers to the fact that thousands of birds suddenly disappeared, as one of the most outstanding ornithological phenomena that occurred in 20 th century Europe. Or in the words of Bauer and Glutz von Blotzheim (1968) in their Handbuch: "the marked instability in the occurrence of A. neglctus remains an unsolved problem. From about 1899 to 1911, this goose wintered in Hungary in very large numbers but from the 1920s, it only appeared in small numbers". This paper will render a faithful account of the earlier studies by the Hungarian and Russian ornithologists about the presence and the taxonomy of the SBG, as well as an objective review of later taxonomical research. It will try to repeat historic writings of the most eminent ornithologists from Russia, Hungary and Germany as accurately as possible. It will try to respect and discuss the opinions of the original observers and those who processed the systematics of A. neglectus later, as objectively as possible. It will suggest that SBG was an independent species and that the location of its breeding area was never identified with certainty, and that the whole large population potentially fell victim to the Tunguska catastrophe.
Synonyms:
Anser neglectus Sushkin, 1897 Sushkin (1897a , Oates (1899) , Madarász (1900) , Karamzin (1901) , Zhitkov & Buturlin (1901) , Menzbir (1902) , Alphéraky (1905) , Chernel (1918 ), Huyskens (1986 . Melanonyx neglectus (Sushkin) Buturlin (1901) , Alphéraky (1907) , Zarudniy (1910a ), Bianki 1922 . Anser fabalis neglectus (Sushkin) Tugarinov in litt. in Grote (1934) . Melanonyx fabalis neglectus (Sushkin) Tugarinov (1932) , Sushkin (1938) . Anser fabalis fabalis (Latham, 1787)
Material and Methods
We followed the systematic classification of the Bean Geese, proposed by Emel'yanov (2000) and by Koblik et al. (2006) , that does not comply with the IOC World Bird List v. 9.2. The following subspecies of the Bean Goose were mentioned in this study: -The Western Taiga Bean Goose, Anser fabalis fabalis (Latham, 1787) 
Results and Discussion

Field characters of Anser neglectus
According to all the original authors A. neglectus was a typical Bean Goose which could easily be distinguished from other Bean Geese, in hand as well as in the field (Sushkin 1897a , 1897b , Sushkin in Alphéraky 1905 , Nagy 1907 , Schenk 1929 , Buturlin 1934 , Tugarinov 1941 . She belonged to the Taiga Group of Bean Geese (Hartert 1932 , Dementieff 1936 , Tugarinov 1941 , Johansen 1945 , Dement'yev & Gladkov 1952 , Roselaar 1977 , Mayr & Cottrell 1979 , Huyskens 1986 (Figure 1, 2) .
It was a large goose, significantly larger in the field than A. f. rossicus, with the approximate stature of A. f. fabalis, and had a long neck, a narrow unusually slender bill ("rostro longiore et graciliore") ( Figure 3, 4) , and the nail of the bill was more oval shaped than in other taxa of the Bean Goose. It had a straight lower mandible, without a sign of a bump (Sushkin 1897a, 1897b, Sushkin in Alphéraky Salvadori 1905 , Stresemann 1922 , Dementieff 1936 . Some birds showed a ring of white feathering around the base of the upper mandible and the width was variable (e.g. Sushkin in Alphéraky 1905) . This description corresponds to that of a typical Taiga Bean Goose.
A. neglectus, whose head, neck and sides of the neck, as well as back and belly had a warmer brown tone than in the other Bean Geese (Figure 1) . The head could have a reddish or a soot-coloured tone. The feather edges of the upperparts and the flanks also had a browner colour (Madarász 1900 , Sushkin in Alphéraky 1905 , Schenk 1929 , Kamner 1932 , Tugarinov 1932 , Sterbetz 1980 . According to Tarján (1926) , the dark colours made the SBG easily recognisable, even when the bird was in flight. Unfortunately, this dark colour is not shown in F. W. Frohawk's drawing (in Alphéraky 1905) .
The main characteristic, which distinguished this goose from all the other Bean Geese, was the pink colour of the bare parts, which ranged from yellow pink to dark pink. This applied to the bill band, located between the nail of the bill and the nostril, as well as the legs. In the other Bean Geese, they are yellowish to a deep orange yellow. The width of the bill band was quite variable. It was usually limited to the area between the nostril and the nail of the bill, whereas in other cases the entire or almost the entire upper bill was pink coloured. These pink colours were a consistent feature. In Budapest Zoo in the early 1930s there were three A. neglectus and about ten A. fabalis. They were checked regularly by reliable ornithologists, including M. Vasvári and J. Schenk himself. They never noticed any change of the orange-yellow colour of the bare parts in any of the A. neglectus and A. fabalis. At first sight both taxa were distinctly different (Schenk 1934) . Berry (1934) wrote the following about the leg colour: "when observing a group of wild geese, and all the geese have the same leg colour, it certainly attaches great credibility to this field characteristic". It was generally known that within just a few hours, but usually some days after death, this pink colour of the bill band and legs turned into a reddish colour and in a stuffed bird or a dried skin this colour would become a reddish brown (Madarász 1900 , 1909 , Buturlin 1934 , Nagy 1934 .
We are not well informed about the appearance of the juvenile (= first year) plumage in the field. Sushkin in Alphéraky (1905) makes a distinction between the plumage of young and adult birds which is only applicable in birds examined in hand. However, it appears from Madarász' writings (1909) that the young neglectus could easily be recognized among adult birds in the field.
The differences in field characteristics between the SBG and other representatives of the Bean Geese were also confirmed by anatomical studies. Szalay (1902) conducted a comparative anatomical study of the glenohumeral joint in A. neglectus and A. f. fabalis/rossicus in a series of 34 different osteological measurements. Out of these, five were more distinct than in a comparative osteological study between the glenohumeral joint in the Black-headed Gull Larus ridibundus and the Common Gull L. canus. Szalay (1902) then decided that A. neglectus should not be considered a species but a subspecies of A. fabalis. The well-known Hungarian palaeontologist K. Lambrecht (in litt. in Schenk 1929 ) also conducted research on the degree of pneumatization of the glenohumeral joint of A. neglectus and found that there was a higher rate of occurrence of pneumatization in A. f. fabalis/ rossicus than in the SBG (also see Schenk 1929) .
According to Stegman (in Schenk 1934) no hybrids had been identified between A. neglectus and other representatives of the Bean Geese. However, a hybrid pair was described in Moscow Zoo A. neglectus x A. f. fabalis. This pair gave birth to six young, two of which Schenk, 1929) . 4. ábra Anser neglectus csőre karcsú (fent) és hajlott (alul) reached maturity. The bill band and legs were orange in one bird and pink in the other (Buturlin & Dement'yev 1935 , Dementieff 1936 . Heinroth (1929) also described hybridisation among birds in captivity between A. fabalis and the Domestic Goose (A. a. forma domestica) of which the offspring clearly resembled A. neglectus. This statement seems rather improbable considering the enormous shape of the bill of the Greylag Goose A. anser, as well as the high prevalence of A. neglectus in at least three important areas and their rapid disappearance (see below).
Here we quote Sushkin (1897a) and Sushkin (in Alphéraky 1905) , in his meetings with the SBG in Bashkiria:
"From my hide-out, armed with a pair of binoculars, I could probably examine hundreds of geese. Only once or twice did I see Bean Geese with orange bill bands and legs among them, all the others were A. neglectus, except for a few Greylag Geese, which appeared as lost birds among the Bean Geese. These Bean Geese with flesh-coloured legs and bill bands were well known to the local population, the Bashkirs and the Tatars. I showed them a goose with an orange bill band and legs (A. f. rossicus), they claimed that it was a rare or unknown goose to them. Also, the local hunters, who were familiar with the wild geese, consistently spoke of a pink colour".
The voice of Anser neglectus
Anser neglectus had an unusual call which could easily be distinguished from the call of the other representatives of the genus Anser. Nagy (1907) visited the Hortobágy puszta in April 1907 and came across not only A. albifrons, but also A. f. fabalis, A. f. rossicus and A. neglectus. At that time the Hungarian ornithologists had been able to distinguish both subspecies of the Bean Goose in the field (Lakatos in Vertse 1967). Nagy described the call of A. albifrons as "Gli gli gli" and that of both Bean Geese as "Taddadat". The call of A. neglectus consisted of a very typical "Gégé" (Chernel 1907 , Tarján 1926 , Csörgey 1928 , Buturlin 1934 , Schenk 1929 , Kamner 1932 ). Hence the Hungarian vernacular name of the SBG: "Gé-gé lud". The call of this new goose had already been in use before 1904 (Chernel 1907 , Csörgey 1928 , Schenk 1929 , Kamner 1932 . In the Hungarian vernacular this call also sounds like "Gé-gé" (L. Megyery, oral comm.). Sushkin (1897a) and Sushkin in Alphéraky (1905) also drew our attention to a melodious call with a double note which was heard in Bashkiria.
This unusual voice, transcribed in the International Phonetic Alphabet (IPA) as: "ɣe-ɣe", was immediately recognized by hunters and non-ornithologists in Hungary, which, according to Chernel, Tarján and others, made the "Gé-gé" goose so well known (Chernel 1907 , Tarján 1926 , Csörgey 1928 , Schenk 1929 . The story of Chernel (1917) , who was made aware of the presence of neglectus by their call while out in the field and could only discover the goose later from his hiding place, is typical. Schenk (in Sterbetz 1980) observed that among the other wild geese which foraged on the puszta in the company of A. neglectus, only this goose responded to the SBG's alarm call.
Dutch and Belgian expert field observers of wild geese (G. Huyskens, P. Maes, G. Bulteel, J. De Ridder, W. Suetens, L. van den Bergh, H. van Deursen, H. Voet) had never heard such a "Gé-gé" call made by A. f. fabalis or A. f. rossicus. In the previous century hundreds of both taxa wintered in the southern Netherlands. Nor does this call agree with the call made by A. f. middendorffii, which is described as deeper than that of both western subspecies, but the syllables are identical (Parslow-Otsu 2010). The heavy call of middendorffii, which sounds very deep and nasal to the human ear, was also confirmed in the manuals consulted (Brazil 2009 , Ayé et al. 2012 , Robson 2015 . This unique call can also be heard on the Xeno-canto site where Anon Torimi (2015/18) reproduces several sound recordings which were sourced in the Kohoku Wild-Bird Center, Shiga Prefecture (Japan).
Measurements of Anser neglectus
It is rather difficult to interpret the measurements of Bean Geese in the literature because the consulted material did not always make a distinction between the Taiga and the Tundra types of A. fabalis (Roselaar 1977 , Huyskens 1986 ).
According to Buturlin (1934) A. neglectus can most certainly be distinguished from other taxa of the Bean Geese by the slender bill, the reduced height of the lower mandible and the more oval-shaped nail of the bill. Table 1 is taken from Alphéraky's (1905) and Buturlin's (1908 Buturlin's ( , 1934 original data. The data give the length of the wing, tarsus and bill for four taxa of A. fabalis: neglectus, fabalis, middendorffii and rossicus. Alphéraky gave the measurements of several individual birds (n), which enabled the calculations of mean and standard deviation (σ) of each measurement. The values of n and σ could not be distilled from Buturlin's works (1908, 1934) . Based on different sources we may assume that his measurements concerned at least 12 individual birds.
In Alphéraky's (1905) series of measurements, the average bill length of neglectus (n = 11) was statistically shorter than that of fabalis (n = 37): 57.7 mm to 64.1 mm (t N = 6.130, P < 0.001). Buturlin (1908 Buturlin ( , 1934 
rossicus szárny, csüd és csőr hossza (mm)
Alphéraky (1905) (= A) and Buturlin (1908 Buturlin ( , 1934 (=B) adatai alapján Buturlin (1908 Buturlin ( , 1934 and Dement'yev in Buturlin & Dement'yev (1935) noted that the much thinner bill of neglectus compared to that of the Western Taiga
Bean Goose A. f. fabalis was due to a lower maximum height of the under mandible, if these measurements are taken when the bill is fully shut (Figure 2, 3, 4) . This height must not exceed the value of 6.50 mm. Ideally the age groups of juvenile and adult birds should be kept separate when carrying out this measurement. Table 2 , which was also set up using the Russian researchers' original measurements shows a clear difference in the height of the lower mandible between the taxa neglectus and fabalis. Alphéraky (1905) 6.0-6-5 7.0-8.5 9.0-12.0 7.5-11.0 5.5 in a young female Buturlin (1908) adult: 5.8-6.3 6.8-8.1 8.4-11.4 8.4-9.4 juvenil: 5.6 rarely 5.8 rarely 11.9 Buturlin (1934) all ages: 5.5-6.7 6.0-8.5 8.0-9.5
Buturlin adult: 6.0-6.7 adult: 7.0-8.5 adult: 8.4-11.4 in older birds up to till 10.0 in Buturlin & Dement'yev (1935) sometimes up to 12.0 very rarely 10.5 juvenil: 5.5-6.0 juvenil: 6.0-8.0 juvenil: from 8.0 Dementieff (1936) 5.5-7.0 7.0-10.5 mean: 6.0 Tugarinov (1941) 5.0-6.7 7.0-10.5 mean: 6.3 The place of Anser neglectus within the systematics of A. fabalis
Overview of the assessments
Over the years, many ornithologists have studied the systematic position of Anser neglectus.
The different opinions are given in Table 3 . Table 3 .
An overview of the systematic position of Anser neglectus through time 3. táblázat Áttekintés a faj rendszertani besorolásáról Species: Sushkin 1897a, Sushkin 1897b , Madarasz 1899 , 1909 , Oates 1899 , Menzbir 1900 , Buturlin 1901 , Zhitkov & Buturlin 1901 , Karamzin 1901 , Alphéraky 1905 , Salvadori 1905 , Buturlin 1907 , 1931 /34, Chernel 1918 , Hartert 1921 , Stresemann 1922 , Hartert in Klein 1927 , Schenk 1929 , Stuart Baker 1929 , Vasvári 1929 , Peters 1931 , Stegmann in litt. in Schenk 1934 , Buturlin in Buturlin & Dement'yev 1935 , Stegmann 1935 .
Subspecies: Szalay 1902 , Chernel 1902 , Tugarinov 1932 , Tugarinov in Hartert 1932 , Tugarinov in litt. in Grote 1934 , Grote 1934 , Sushkin in Nagy 1934 , Sushkin 1938 , Niethammer 1938 , Keve-Kleiner 1943 , Johansen 1945 .
Species or subspecies:
Csörgey 1927-28.
No strong opinion: Hartert 1932 , K. H. Voous in litt. 12.03.1974 , Roselaar 1977 , Johansen 1962 , Alex & Shergalin 2013 . Authors with other opinions:
Dementieff 1936. Buturlin & Dement'yev 1935 , Uspenski 1965 Arrigoni degli Oddi 1929, Tugarinov 1941 , Dement'yev & Gladkov 1952 , Mayr & Cottrell 1979 . Matvejev & Vasič 1973 . Hachler 1944 , Johansen in litt. in Delacour 1951 , Delacour 1951 , 1954 , Johansen 1959 , Vaurie 1965 , Ali & Ripley 1968 Voous et al. 1973 , Bauer & Glutz von Blotzheim 1968 , Cramp & Simmons 1977 . Sangster & Oreel 1996 , Ruokonen & Aarvak 2011 Opinions:
Individual variation of A. f. fabalis
Most probably individual variation of North European and West Siberian forms of Anser fabalis
Synonym of A. f. fabalis
Synonym of Bean Goose
Colour phase
Mutation "Typological thinking" of former authors has been the source of a wrong classification (see below)
The existence of A. neglectus was no longer mentioned in several major works: Ivanov et al. 1951 , Johansen 1962 , Eck 1996 , Danilov et al. 1984 , Ilichyov & Fomin 1988 , Stepanyan 1990 , del Hoyo et al. 1992 , Koblik et al. 2006 , Ryabitsev 2008 , Johnsgard 2010 , Mitropol'skiy 2012 , Koblik & Arkhipov 2014 , Gill & Donsker 2019 
Comments on this overview
It appears from the different opinions that the systematic position of the SBG was often modified over the years. It broadly ranged from species to subspecies and later to a denial of the existence of this goose. The last authors, who considered A. neglectus a species, were noted between 1931-1935: Мenzbir (1934) , Stresemann (1934) , Buturlin and Dement'yev (1935) , Stegmann (1935) . From 1936 (however, see Huyskens 1986), the SBG became an individual variation, a colour phase, a deviation in plumage or a synonym of the North European or West Asian subspecies of A. fabalis. This opinion was defended by expert systematists, e.g. Dementieff (1936) , Dement'yev (1941) , Тugarinov (1941), Mayr & Cottrel (1979) , Dement'yev & Gladkov (1952) . It is striking that prominent systematicians changed their opinions in a short period of time: Hartert, 1921 , Tugarinov, 1932 , Johansen 1945 by 1959 1. In a comprehensive work by Zhitkov (1912) , 26 individuals, which did not have the typical orange colour of the bill band, were among his collected Bean Geese from the Yamal peninsula. The replacement pink colour of the bill band turned out to be unstable. Zhitkov wrote (p. 352) that in the deeper parts of the pink bill colour there was a sulphur yellow colour and he gives some examples. Furthermore (p.353), he claimed that subjective, unstable, superficial colours were present, which blended with colours of a collection of skin pigments further down. Zhitkov (1912) wrote in his Bean Geese study that he had only observed an unstable pink colour of the ring around the bill but he barely mentions an unstable pink colour of the legs. Moreover, the researcher writes that a different, unstable bill colour should not be a reason to determine the existence of a new taxon. These findings caused Zhitkov to doubt the existence of A. carneirostris Buturlin 1901. Later, many researchers considered the Buturlin's Bean Goose A. carneirostris to be a colour variation of the Bean Goose sensu lato (e.g. Alphéraky 1905 .
It also appears from Sushkin's (in Alphéraky 1905 ) and Buturlin's works (1908 Buturlin's works ( , 1934 ) that Zhitkov did not examine a 'real' A. neglectus. If the 26 Bean Geese of Zhitkov had been A. neglectus, their average maximum height from the lower mandible with a closed bill should not exceed the value of 6.50 mm. All 26 birds examined by Zhitkov showed a value for this measurement > 6.50 mm. Dementieff (1936) also mentions that in 1908 Zhitkov collected a pair of Bean Geese, of which one partner had an orange bill band and the other a pink one, which does not suggest a 'real' A. neglectus either.
Zhitkov's work apparently had a significant impact on later research into the systematic position of A. neglectus. Later authors generalised the results of his work (Dementieff 1936 , Tugarinov 1941 ). They also took Zhitkov's deviant Bean Geese for the 'real' A. neglectus. The years 1936-1941, therefore, had a decisive impact on the history of the systematic position of A. neglectus. Since then, only a few researchers have considered the SBG a separate entity. The 'real' neglectus, described by Sushkin in 1897, was not studied by Zhitkov. At the time of Zhitkov's research the SBG was there as a Taiga Bean Goose amidst thousands, as a migrating bird or as a winterer in Bashkiria, in the Hortobágy puszta and in the surroundings of Tashkent. It is about two entities which are unrelated: the Sushkin 'real' A. neglectus and a Zhitkov A. f. rossicus, "Type neglectus" (1912) .
In publications by Alphéraky (1907) and Danilov (1930) it appeared that rare individuals with the pink coloured ring around the bill and pink legs also occurred in the breeding areas and in the winter quarters of the eastern subspecies of the Bean Goose, A. f. middendorffii and A. f. serrirostris. This view was shared by many authors, among them Nagy (1934) , Hartert (1932) , Buturlin and Dement'yev (1935) , Dementieff (1936) , Cramp and Simmons (1977) and Ruokonen and Aarvak (2011) . A different colour of the bare parts for the wintering Pink-footed Goose A. brachyrhynchus was also described by Payne-Gallwey in Alphéraky (1905) , Berry (1934) and Scott (1956) . Scott found one bird with an orange ring around the bill and an orange leg colour among 377 wintering Pinkfeet in southern Scotland instead of the characteristic pink colour for this taxon (also see Delacour 1951 , Barthel & Frede 1989 ).
2. The opinion that A. neglectus was a synonym of A. f. fabalis seems unlikely, when reading and comparing the texts that originate from the original Hungarian and Russian ornithologists. The facts that very large numbers of 'real' neglectus were confirmed by all observers without exception, that the deviant plumage and the distinct call were so identifiable, speak against the existence of a synonym.
3. According to Sangster and Oreel (1996) , A. neglectus was wrongly classified as a separate taxon at the time, because at the beginning of the twentieth century the discoverers of A. neglectus and other researchers had applied "typological thinking" to this classification. In their assessment, Sangster and Oreel (1996) refer to Mayr's book (1976) , which contrasted typological thinking with "population thinking". Ruokonen and Aarvak (2011) also adhered to Sangster and Oreel 's view (1996) and believed that the species has been named wrongly historically, such as A. neglectus, A. mentalis, A. oatesi, A. fabalis johanseni and others were the result of outdated and incorrect "typological thinking".
However, the literature tells us (Mayr in Sober 2006 ) that typological thinking had already been abandoned by the end of the 19th century. Haffer (2003) is very rigid about this. 'Population thinking' started in the years 1850-1880 and this author gives the names of the systematicians who started "population thinking". Series of specimens of the same species were built to determine the range of a measurement. All the eminent ornithologists, such as Вuturlin, Madarász, Nagy, Schenk, Sushkin and Zarudniy, the original observers of Anser neglectus, and the immediate followers of the writings of the original observers, especially Alphéraky and Grote, were among the top researchers in the world of ornithology in their time. All these researchers were very aware of the variations that may occur within the measurements of a taxon. We have already discovered in Sushkin (in Alphéraky 1905) in the original description of the measurements of the SBG, grouped in a table, that "the attached table shows there are connections between the measurements of individual birds". And furthermore, "knowledge of a higher number of measurements, would undoubtedly give a greater fluctuation than the one we have now observed. Therefore, we are currently unable to pass a judgement on the extreme measurements of A. neglectus". Zarudniy also described new subspecies, for which he used 50 to 150 specimens in his series of prepared bird skins (Alex & Shergalin 2015a, b). 4. No author who observed or captured A. neglectus in a free and wild state has ever reported characteristics of hybridisation between this taxon and other taxa of A. fabalis sensu lato. The pink, instead of the orange-yellow colour of the bill band and legs of A. neglectus and the dark colour of the head and neck, indicates that interspecific colour variations very probably minimised the risk of hybridisation (Wallace 1889 , Dobzhansky 1941 , Huxley 1942 , Mayr 1942 , Grant 1975 , Lack 1968 , 1971 .
5. Based on intensive morphological investigations and studies of mitochondrial DNA, Ruokonen and Aarvak (2011) decided to deny the existence of A. neglectus, because these authors could not find any evidence for accepting taxa other than those already known: they must therefore be the subspecies fabalis, middendorffii, rossicus and serrirostris. Ruokonen & Aarvak (2011) investigated five specimens of A. neglectus in their study. It is a pity that these researchers did not measure the height of the lower bill. Among these five, four had origins which did not match the distribution of the 'real' A. neglectus. After all, two were from Novaya Zemlya, where the SBG as a typical Taiga Bean Goose, may well not have bred. One bird came from Denmark in 1920 and one from China in 1921. The former was again determined to be a rossicus by these authors and the latter a fabalis. As explained earlier, in both cases it was most likely an A. f. fabalis/rossicus of the 'neglectus type', that does not show any affinity with the 'real' A. neglectus. The fifth specimen came from Samara (Southeast European Russia) and was collected in the year 1906. This was again determined by Ruokonen and Aarvak (2011) to be an A. f. fabalis. Only this bird could possibly match the 'real' A. neglectus because the 'real' SBG visited this region at the beginning of the 20th century (see below). Ruokonen and Aarvak's research material (2011) therefore seemed too thin for us to conclude that A. neglectus did not exist.
6. The opinions that A. neglectus was an individual variation, a colour phase or that they were Bean Geese with an aberrant plumage is quite unlikely, considering the original descriptions of the 'true' A. neglectus. According to Alex & Shergalin (2013) , "the mass presence of the SBG until the end of the 1920s goes against the status of individual variation".
Was Anser neglectus a species or a subspecies?
Due to the results obtained by molecular research, non-molecular researchers sometimes remained in a state of uncertainty because the results of the molecular and classical research did not always appear to agree (e.g. Omland et al. 1999 , Kondo et al. 2004 , Irwin 2009 , Winker 2010 , Martens 2012 , Päckert et al. 2012 , Randler et al. 2012 ). This was one of the reasons why Тobias et al. proposed a new direction in the research of systematics, intending to judge whether an unknown taxon could be considered a species (Tobias et al. 2010 ). This new direction, which takes less account of the results of the DNA-research, closely matches the idea of the upgrade of the Biological Species Concept.
Tobias's criteria had already been applied when preparing the work "Checklist of the Birds of the World", Vol. 1. Non-passeres (del Hoyo & Collar 2014). This work explains why the characteristics of both the phenotype and the distribution of the taxon under investigation are considered. Since the location of the breeding area of neglectus was never determined with certainty, we cannot answer the question about distribution. Only the phenotypical characters remain open for research. Reference was made to del Hoyo and Collar's work (2014) for the method of awarding points.
If points are awarded strictly, the taxon to be examined will be given: -a completely different call: this gives a minimum of ten points according to the Tobias et al. (2010) criteria, which attach great importance to the voice. Because the required spectrographic analysis of the voice of the taxon to be examined is missing, we will randomly reduce these ten points to four; -the browner colour of the head, neck and sides of the neck than in other representatives of the Bean Goose Anser fabalis sensu lato: we will award one point based on this minor difference; -the pink instead of orange-yellow bill band and legs can be considered a medium difference and be awarded at least two points; -the lower height of the lower bill in neglectus compared to fabalis fabalis (see Alphéraky 1905 , Buturlin 1908 ) is a minor difference and is given half a point; -the taxon to be examined was a Taiga Bean Goose which was mainly or exclusively crossing over and wintered in dry steppic areas (P. (Cao et al. 2008 , Kim & Park 2011 , Jia et al. 2016 . In accordance with the criteria of Tobias et al. (2010) neglectus is also awarded at least one point for this deviation. If points are awarded strictly, we reach a total of at least seven points, which allows the taxon under examination to be awarded a full species status, based on the criteria laid down by Tobias et al. (2010) and del Hoyo and Collar (2014).
Finally, we will provide some literature data, which point to the existence of A. neglectus as an independent taxon: Stegmann (1935) and Stegmann in Schenk (Schenk 1934) wrote: "To me it sounds out of the question that A. neglectus would be a subspecies of A. fabalis. For me, A. neglectus is an independent species. This is a logical decision. If at first sight any animal species is immediately unequivocally recognized as belonging to a single form, there is no reason to doubt the independence of that species. Up to now no transitional forms between the SBG and the different races of the Bean Geese are known, which usually does not justify a degradation of this species to subspecies. The uncertainty, which still exists regarding the location of the breeding area, is no reason to doubt an independent species". According to S. Eck (in verbis, 23.9.1982) Stegman was one of the most skilled systematics Russia has ever known.
Here we also quote Sushkin (1938) : "Until now, the Ufimskiy Gumennik (= A. neglectus) has been a mystery in the fauna of the Palearctic area. Undoubtedly it belongs to the fabalis group. It distinguishes itself from the other Bean Geese with rather static, recurrent characteristics, although they are not important. At the X° International Zoological Congress in Budapest (1927) , I was privileged to show my colleagues round the garden of the Zoological Park, among them Lord Rothschild, Dr. Hartert and Dr. Stresemann, to observe the Melanonyx neglectus and M. fabalis fabalis living there. After a thorough inspection my colleagues recognized that without a doubt it was the species I had described".
The presumed breeding area of Anser neglectus The Tunguska catastrophe
On 30 th June (17 th June on the old-style Julian calendar) 1908 there was a catastrophe in the eastern part of the Krasnoyarsk province, about 37 mi (60 km) north and 12 mi (20 km) west of the current village of Vanavara, near the Podkamennaya Tunguska river, an eastern tributary of the Yenisei (60°54'07" N, 101°55'40" E) ( Figure 5 ). Later it was estimated that the energy released by the catastrophe (15 megatons) was approximately equal to the power of the American 'Castle Bravo' thermonuclear bomb dropped on 1 st March 1954 over the Bikini atoll (Marshall Islands).
The catastrophe took place in an extremely sparsely populated and inhospitable taiga region. For this reason, the first scientific expedition to the region led by Prof. Leonid A. Kulik could not take place until 1927, 19 years after the catastrophe. The disaster was the subject of hundreds of scientific publications, in which Russian and Italian researchers played an important role. By 1995, 35 international scientific expeditions to this region had been carried out. Despite thorough research, we do not quite understand today which physical mechanism occurred at this site. Several hypotheses were put forward. The reports on the impact of the disaster, drawn up by Kulik and collaborators and later researchers, exceeded our imagination beyond credulity. It appeared that all the vegetation of the taiga was Figure 5 . Geographical position of the Tunguska catastrophe 5. ábra A Tunguszka katasztrófa földrajzi helye destroyed over an area of 830 square miles (2150 km 2 ), which left large areas with more than 80 million flattened trees looking like a "telegraph pole" forest. According to eyewitnesses, this catastrophe was the immediate cause of the deaths of thousands of Reindeer Rangifer tarandus sibiricus. No form of radioactivity was observed, and potential results remained unconfirmed. The greatest mystery surrounding this disaster consisted of later findings of chromosomal abnormalities and mutations. After the disaster, genome aberrations in the xylem of trees and plants happened quite quickly and were also identified later. This disaster was probably also responsible for morphometric aberrations observed in the Wood ant colonies Formica fusca. The same applies to abnormalities in the blood groups of certain families of the Evenki population. These too were probably due to the consequences of the Tunguska catastrophe (Vorontsov & Lyapunova 1984 , Andreev 1991 , Serra et al. 1994 , Andreev & Vasilyev 1995 , Hartmann 2000 , Habeck & DeSmedt 2002 , Vasilyev et al. 2002 , Vaganov et al. 2004 , Vasil'ev 2004 , Silagadze 2005 , Rubtsov 2009 , Rychkov 2000 in Rubtsov 2009 , Lombry 2015 , Ol'khovatov 2018 .
Probable breeding area
The breeding area of the SBG has never been found and has remained unknown until today. Stegmann (1935) and Sterbetz (1980) were the last of the earlier succession of researchers to point out this gap.
At the beginning of the 20 th century many researchers (including Alphéraky 1905 , Schalow 1917 , Buturlin 1934 ) assumed that the breeding areas of neglectus were probably located in Arctic and High Arctic regions as the Pechora delta, the Yugor peninsula and the islands Kolguyev and Novaya Zemlya. In a detailed overview of his monumental work, Pleske (1928) reported that breeding in these very northern areas was difficult to accept, as there were not enough objective data available to support this breeding. It is indeed unlikely that A. neglectus, a typical Taiga Bean Goose, which in appearance and measurements was close to A. f. fabalis, would have settled in these regions. These High Arctic regions had already been well researched by many ornithological expeditions at the time of Pleske, and the particularly high numbers of A. neglectus, which were observed in at least three winter quarters (see below), do not agree with this supposition.
The A. neglectus found in these arctic regions most probably belonged to the series of the "neglectus type" of A. f. fabalis and A. f. rossicus. They were most likely local tundra-breeding birds with a deviant pink colour of the bill band and perhaps of the legs, as described by Zhitkov (1912) . More recently, rossicus-Bean Geese of the "neglectus type", a very rare breeding bird, were found on the Yugor peninsula (Grichik 1995) and by Kalyakin (2001) on the southern island of Novaya Zemlya and also during migration on the Yugor peninsula.
It can be assumed that there were probably also 'real' A. neglectus during the moulting period, who had come from the taiga, their breeding area, still unknown to us. In more recent times moulting in High Arctic regions was found in the Taiga Bean Goose A. f. fabalis by Strøm et al. (1994) and by Syroechkovsky and Kalyakin (1996) (also see Roselaar 1977) . Hartert (1932) , Stegmann (1935) and Dementieff (1936) were convinced that the breeding areas of A. neglectus could no longer be found, because in their time, all potential breeding sites of this goose had already been thoroughly investigated. Buturlin (in Тugarinov 1941) thought that the breeding areas of neglectus could be found in the taiga region between the rivers Pechora and Ob. Johansen (1945) was thinking of the northern taiga of the Ural Mountains and according to Stegmann (1935) the SBG would have a separate breeding area, where no other Bean Geese were to be found.
However, in the days of these researchers, there were still many potential breeding areas for neglectus, which had never been studied ornithologically before, such as the vast taiga belt of Western and Central Siberia, with the Podkamennaya Tunguska river and its vast surrounding area. Ornithologically, this inhospitable area remained one of the least known in the whole of Russia (Naumov 1985 , Zhukov 2006 . As far as research into wild geese is concerned, Rogacheva and Syroechkovsky (2015) called the entire taiga region of Central Siberia a terra incognita, where geese populations migrated in the past and their migratory routes remained virtually unknown. This potential breeding area for neglectus was discovered late, many years after 1908. This observation is supported by the work of the famous ornithologist A. Ya. Tugarinov, whose ornithological research of the Yenisei river area was one of his life works. In his publications (Tugarinov 1910 , 1912 , 1927 , Тugarinov & Buturlin 1911 , the area stretching far beyond and around the Podkamennaya Tunguska is not mentioned as the breeding area of a Taiga Bean Goose. In his following work, Tugarinov (1941) mentions only the combined upper reaches of this river as a breeding area. Also I.N. Zhukov, who visited various regions between Ob and Yenisei, such as the Nishnyaya Tunguska river, around 1925 does not mention the Podkamennaya Tunguska in his works (Beresovikov 2018) . Dement'yev and Gladkov (1952 ), Syroechkovsky Sr. (1959 ), Dement'ev et al. (1967 and Rogachëva (1988 Rogachëva ( , 1992 were apparently the first to mention the entire basin of the Podkamennaya Tunguska as the breeding area of a Taiga Bean Goose.
We now know that the taiga east of the Yenisei river is inhabited by the Siberian Taiga Bean Goose A. f. middendorffii (Stepanyan 1990 , Emel'yanov 2000 , Burskiy et al. 2003 , Ryabitsev 2014 . Its population has declined significantly over the last decades (e.g. Syroechkovskiy Jr. 2006 , Emel'yanov & Savchenko 2015 , Emel'yanov et al. 2018 .
The late research in a sparsely populated region, which was very difficult to investigate, shows that if A. neglectus had bred here in 1908 and before, no ornithologist could have known about the breeding. For the time being we suggest that the taiga region of the Podkamennaya Tunguska, or a wide area around this river, were the only ways to locate the unknown but assumed breeding area of the 'real' A. neglectus. This vast region was hit by the Tunguska catastrophe in 1908.
Even if this assumption can be confirmed by further investigation, many questions remain unanswered. Did neglectus breed on the western bank of the Yenisei? Did A. f. middendorffii occupy the breeding area of the vanished A. neglectus or had it already settled there, beside A. neglectus? And if A. f. middendorffii was already present in this region, were the breeding areas of both taxa, neglectus and middendorffii sympatrically (which seems unlikely), parapatrically or allopatrically located in relation to each other?
The knowledge of the distribution of the breeding areas in Siberia of both Taiga Bean Geese, the Western and the Siberian, has grown significantly in recent years, thanks to the work of many researchers: Zabelin (1996) , Vartapetov (1998 Vartapetov ( ), Еmel'yanov (2012 Vartapetov ( , 2013 Vartapetov ( , 2014 , Ryabitsev and Ryabitsev (2015) (with many sources from the literature); Еmel'yanov and Savchenko (2016) . Therefore, the chance seems extremely small, if not non-existent, that a large, contiguous population of thousands of Taiga Bean Geese, which also corresponds to Sushkin's first description, can ever be found in the future.
Distribution in winter of Anser neglectus
Early records
Even before Sushkin described A. neglectus as a new species in 1897 (Sushkin 1897a , b, Sush kin in Alphéraky (1905 , there were indications that this new goose had already been identified before in Russia. This made Sushkin think of Eversman, who had found many A. f. fabalis and A. f. rossicus in the region around Orenburg 40 years before him. He thought that Eversman would not have been able to find a neglectus in this location, due to poor weather conditions. In confirmation, Zarudniy (1888) also mentioned large numbers of Bean Geese around this city in an ornithological overview of the region. Sushkin himself visited Bashkiria for the first time in the 1891/92 winter (Sushkin 1897a , b, Sushkin in Alphéraky 1905 and saw A. neglectus there that winter.
According to literature data, at the time, very large numbers of A. neglectus were found in three regions: in the Hortobágy puszta in eastern Hungary, by two lakes in the Republic of Bashkiria and around the city of Tashkent (Uzbekistan).
Former presence in the Hortobágy puszta
The current area of 494,000 acres (200,000 ha) makes the Hortobágy puszta (41°36' N, 21°09' E) one of the largest grass plains in Western and Central Europe. According to Nagy, the field characters of A. neglectus at this location could easily be compared to that of A. f. fabalis and A. f. rossicus (Nagy 1907) .
According to Schenk, A. neglectus was first determined by Csörgey, Linder and Schenk at a wildlife trader's in 1899. It was soon recognized as a new species of geese in that country (Schenk 1930) , based on Sushkin's descriptions (1897a, 1897b). Madarász, Kamner and Schenk reported that the numbers of this new goose gradually increased between 1899 and 1911; a maximum was reached between 1908 and 1911 (Madarász 1909 , Kamner 1932 , Schenk 1930 . In this short period, Sushkin's Bean Geese accounted for 40 to 50% of the total number of wild geese in the Hortobágy puszta (Schenk 1929 (Schenk , 1930 . This was confirmed by Tarján (1921 Tarján ( , 1926 , who examined several hundreds of wild geese for several days mid-November 1911, half of which were A. neglectus. This observation is also repeated by Stresemann (1929) . According to him Tarján examined 66 wild geese which had been captured in a few days on 21. November 1911; half of them were SBG. After 1911 only a small number of A. neglectus was present (Szomjas 1916 , Schenk 1930 , although in December 1920 their number in the Hortobágy puszta was estimated at 3% of the total number of wild geese present and since the autumn of 1922 at 2% (Nagy 1924 , Tarján 1926 .
Between 1924-1928 they only managed to collect one to two specimens per season and in the autumn of 1929 only a very small number of neglectus was represented in the puszta (Schenk 1929 (Schenk , 1930 . Nagy (1934) no longer recognised the call of the 'Gé-gé goose' and attributed the previously so familiar call to old male geese.
Sushkin's Bean Goose stayed on the puszta from the end of September until the end of April (Madarász 1909 , Szomjas 1926 . Here are the most recent confirmed observations of A. neglectus in Hungary and in (before 1919) Great Hungary. It covered the entire Carpathian Basin, it was three times larger as the current area of Hungary. -On 21. March1932 a young male SBG was shot near Sibiu (now Romania) from a group of six geese. The description of this bird is convincing (Kamner 1932) ; -On 30. November 1932 Szomjas (1934) shot another bird on the Hortobágy puszta with the 'Gé-gé' call (also see Schenk 1934); -On 19. November 1934 a bird was also shot by Szomjas (1934) in Tiszalök and it was given an accurate description; -In Budapest Zoo there were still three A. neglectus present around that time and an additional description was made of one of these birds on 26. May 1934 (Schenk 1934) . The cause of the sudden decrease in the numbers of SBG remained an unanswered question to all the experts and hunters of geese, even though their presence was actively sought during many successive winters (Schenk 1929 (Schenk , 1930 .
It is very likely that at the time of Nagy (1934) A. f. fabalis and A. f. rossicus "Type neglectus" may also have been present on the Hortobágy puszta within the groups of 'real' neglectus. The author is clear. He found a family of the SBG where the parents had a pink bill ring and legs, but their young still had the standard yellow-orange leg colour. Nagy called this family "a fragment of an A. neglectus family". Later, after the disappearance of the SBG in the three main regions, these goose families were also found in the Netherlands (Van Impe 1988, van den Bergh 2004). In all probability, this was a pseudo -A. neglectus or an A. fabalis sensu lato type 'neglectus'.
Former presence in Bashkiria
Sushkin, the SBG describer, is virtually the only source, nonetheless invaluable, of the former presence of this mysterious goose in Bashkiria (Sushkin 1897a , 1897b , Sushkin in Alphéraky 1905 . His observations were made around the lakes Asly-Kul' and Shungak-Kul' (Asly-Kul' 54°18'46" N, 54°34'38" E, surface area 9 mi 2 23.5 km 2 ; Shungak-Kul', 54°24'36" N, 55°14'00" E, surface area 0.7 mi 2 , 2.4 km 2 ). Sushkin (1897a, b) and Sushkin in Alphéraky (1905) wrote that the numbers of these Bean Geese, most of which were A. neglectus, were such that they obscured the sun over both lakes. When he looked over the fields in the morning, the geese were sitting so close together that it made the fields look black as if they had been ploughed during the night. His writings show that both lakes were visited by thousands of wild geese, although it was more likely to have been tens of thousands. The SBG did not present itself in pure groups, but in the company of A. f. rossicus. Among the first birds collected by Sushkin (1897a, b) there were 10 A. neglectus and only one A. segetum (= A. f. rossicus). Perhaps these concentrations were also mixed with A. f. fabalis, because 40 years before Eversman (in Sushkin 1897a and in Alphéraky 1905) had seen large groups of these two taxa in Orenburg. The incredible numbers of Bean Geese mentioned in Sushkin (1897a) and by Sushkin in Alphéraky (1905) were confirmed in Karamzin's work (1901) . In 1895 he visited Lake Asly-Kul' and ascertained much damage to the cereals wreaked by the Bean Geese. Karamzin (1901) , however, does not mention A. neglectus.
The SBG appeared by both lakes in spring and autumn. The geese's spring migration was between 28. April and 15. May (Gregorian calendar). In 1891 Sushkin observed autumn migration after 4. October (idem), and a maximum on 05. October. By 13. October (idem) their number had fallen sharply, and the latest observations of migration were on 16. October (idem). The Greylag goose was also seen here in small numbers, but neglectus generally appeared in the autumn when the Greylag had already disappeared (Sushkin 1897a , Sushkin in Alphéraky 1905 ).
Anser f. fabalis/rossicus has become an unusual migrant bird in the entire southern Ural region (Il'ichyov & Fomin 1988; Zakharov 2006) . Valuev (2010) conducted extensive research around Lake Asly-Kul' in the years 1987, 2001, 2004 and 2010 , without seeing a single Bean Goose. The only positive news for the Republic of Bashkiria has come from around the city of Krasnokamsk, (58°05' N, 55°41' E), where about 200 Bean Geese stay every winter (Podmaryov 2010) . The current presence of Bean Geese in small numbers only also applies to the surrounding republics and governments: Republic of Tatarstan (Аs'keev & As'keev 1999), Chelyabinsk Government (including Korovin 1997 , Popov 2015 , Tarasov & Grachov 2016 and Perm Government (including Lapushkin & Kazakov 2000 , Naumkin 2005 , Kazakov et al. 2016 . Zarudniy (1910b) was the only original source to be found on the previous appearance of A. neglectus in Uzbekistan. The places visited were located on the Syr-Darya river near the capital Таshkent. As for the two previous places, the Hortobágy puszta and Bashkiria, this author mentions the appearance of numerous gatherings. The first birds were seen on 5-7 December 1906 (Gregorian calendar). Here Zarudniy (1910b) observed several groups of neglectus on the right bank of the Syr-Darya. He collected eight geese from among them. At the same location on 17 and 18 October of the following year, he collected two birds from two groups, which both consisted of about 50 birds. Zarudniy (1910b) , Schenk (1930) and Grote (1930a Grote ( , b, 1932 write that there was a similarity between the presence of neglectus in Tashkent and the one in the Hortobágy puszta. After 1911 the numbers of the species decreased at both locations, and rather abruptly in the Hortobágy puszta. Schenk (1930) also writes that according to Zarudniy, neglectus was still prolific in Uzbekistan in the years 1906-1909, but in 1918 it had also become a rarity. After 1918 only one neglectus was collected in the surroundings of Tashkent to 100 A. fabalis/ rossicus (Zarudniy in Grote 1930a) .
Former presence in Uzbekistan
Today Anser fabalis sensu lato is a winter visitor in small numbers in Uzbekistan, with an exceptional sighting of 270 specimens in the whole region in December 1990 (Poslavskiy et al. in Rustamov & Kovshar 2007) . However, the same work and Meklenburtsev et al. (1987) mention the prolific presence of Bean Geese at the end of the 19th and beginning of the 20 th century and refer to Zarudniy's work (1910b) . Other works do not mention Anser fabalis at all (Kreuzberg-Mukhina 2006 , Spisok Ptits Uzbekistana, 2017 , Mitropol'skiy 2012 , Filatova & Lanovenko 2012 .
In the three former regions of migration and wintering (Hortobágy puszta, Bashkiria and the surroundings of Tashkent) there have been no more sightings of the 'real' A. neglectus.
How many Anser neglectus were present in the Hortobágy puszta at the time?
Several authors pointed out that it would be very difficult to make an estimate, considering the vastness of the terrain and that access was very difficult to at the time. Both factors made it difficult to have a clear picture of the accuracy of the estimates (e.g. Nagy 1924) .
However, we are well informed about the percent composition of the entire population of geese in several of L. Szomjas' and T. Tarján's communications. It was generally accepted that in a winter season with average temperatures, the population of wild geese in the Hortobágy puszta would consist of 75 to 90% of A. albifrons, approximately 5 to 15% of A. erythropus and the approximate remaining 10% was shared between A. f. fabalis/rossicus, A. neglectus and A. anser, in approximately equal proportions (Nagy 1924 , Szomjas 1926 , Tarján 1926 , Schenk 1929 . As aforementioned, only A. neglectus was an exception to this rule between 1908 and 1911. Nagy (1924) estimated the total number of geese present at 300,000 (also see Sterbetz 1967) . But this estimate only related to the Pentezug region, which is a mere part of the Hortobágy puszta (Anonymus 1973) , so that Nagy (1924) estimated that the number of wild geese for the whole Hortobágy puszta was several hundreds of thousands (Sterbetz 1967) . Udvardy (1941) confirmed this estimate in his book about the birds of the Hortobágy. Moreover, eastern Hungary may still have had major wintering places for wild geese which were unknown at the time of the mass presence of A. neglectus in the Hortobágy. E.g. Biharugra (46°58' N, 21°36' E), where L. Nagy estimated the number of wintering wild geese between 40 and 50,000 in the years 1950-53 (Sterbetz 1967) . According to Sterbetz (1975) there used to be as many wild geese in this region as in the Hortobágy puszta.
Let's assume that there were 300,000 wild geese present in the entire Hortobágy puszta, which is a minimum assessment. For example, for the ratio 1/3 of 10%, there were approximately 10,000 A. neglectus present in the puszta in normal winters. During the peak years 1908-1911, we assume that the population of A. neglectus was probably 120,000 to 150,000 individuals. In this calculation we assume that the number of neglectus geese that was shot was a reliable representation of the number of living neglectus present in the Hortobágy puszta.
The numbers of wild geese decreased sharply in Hungary in the previous century (Sterbetz 1975 , 1967 , 1978 , Vertse 1967 , Lebret & Philippona 1968 , Horváth & Szabó 1981 , Faragó 1994 , Faragó & Gosztonyi 2009 ), especially since the early 1950s (Keve & Sterbetz 1964 ). This enormous decline in the populations of Bean Geese is consistent with the findings in the two other habitats of the Bean Geese and A. neglectus, Bashkiria and the surroundings of Tashkent.
Some notes on ecology of Anser neglectus
During migration and in winter, A. neglectus stayed in three very dry regions: the two steppic lakes Asly-Kul' and Shungak-Kul' in Bashkiria, near Таshkent and in the Hortobágy puszta, as a typical Taiga Bean Goose. According to Köppen's climate classification, these three regions have a decidedly continental climate. The biotope of these regions of migration and wintering differs greatly from the former wintering areas of the Western Taiga Bean Goose A. f. fabalis, which we then identified in the Netherlands and the current wintering areas of this nominate race in northern Germany (G. Huyskens, P. Maes oral communication; Van Impe 1980 , Huyskens 1986 ). According to Sterbetz (1980) , the preference for these dry regions was typical for A. neglectus.
In the Hortobágy puszta and on both lakes of Bashkiria, A. neglectus foraged among puszta-vegetation as well as on cultivated land (Sushkin 1897a , Sushkin in Alphéraky 1905 , Nagy 1924 , Szomjas 1926 . Unlike the White-fronted Goose, which preferred to forage on the puszta itself, the Bean Geese would stay on the banks of the river Tisza, where they mainly foraged crops on the edges of the steppic lakes (Nagy 1924 , Szomjas 1926 .
According to den Hollander (1947) , the Wheat Triticum sp. and Zea mays were almost the only crops available on the Hortobágy puszta. Except for rice Oryza sativa, which was not cultivated in the pusztas at the beginning of the 20th century, we may assume that A. neglectus' diet at the beginning of the 20 th century, did not differ much from that of A. f. rossicus during the years of Sterbetz' research. This researcher accurately tabled the food choice of A. f. rossicus on the Hungarian pusztas during the years 1952-1967 (Sterbetz 1977 (Sterbetz , 1978 . The diet of the Tundra Bean Goose consisted mainly of leaves of Wheat varieties, Gramineae sp. and False sheep's fescue Festuca pseudovina. The most suitable seeds were: Maize, Wheat species, Common barnyard grass Echinochloa crus galli, Green Foxtail Setaria viridis and Knotweeds, Polygonum sp.
The disappearance of Anser neglectus Sushkin, 1897
It may be concluded from this literature review that the 'real' SBG has not existed since 1934, or maybe a few years later, when the last birds died in Budapest Zoo.
No study has ever shown that this goose was the subject of excessive shooting in the winter quarters or was more susceptible to hunting pressure than other species of wild geese. No study has ever indicated that in 1908 neglectus would have fallen victim to infectious diseases such as Pasteurellosis or Bird Influenza, which can kill large numbers of wild animals in a short time. In their works Schenk and others were very worried about the absence of A. neglectus and in one of his studies he even deeply deplores the situation (Schenk 1929) .
What were the causes of the disappearance of Sushkin's Bean Goose? Three 20 th century Hungarian waterfowl experts were asked for advice: P. Beretzk , A. Keve (1909 Keve ( -1984 and I. Sterbetz (1924 Sterbetz ( -2012 . All three were convinced that A. neglectus wintered in the Hortobágy puszta at the beginning of the last century and most probably still did in large numbers in other pusztas of eastern Hungary. The Hungarian ornithologist T. Csörgey (1875-1961) shared their opinion. He knew the 'Gé-gé' goose in his youth and he had often spoken to the young Keve about the 'Gé-gé-gus' (Keve, A. oral communication) . According to Dr. Keve, the disappearance of the SBG was due to (in litt. 26.03.1971):
1. Changes within the puszta. In 1971 it was no longer the flat steppe it had been forty years previously. Since then there has been a significant increase in developments and forestation;
2. Hunting rights were leased and currently they shoot from a greater distance. Now the geese tend to spread out over a large area along the river Tisza;
3. Today, hunters are no longer interested in ornithology and do not send their catch, which might be ornithologically interesting, to the owners of zoological collections; 4. A change in the direction of migration should be considered regarding A. neglectus (also see Tarján 1926 , Csörgey 1928 .
These considerations may lead to a reduction or a local disappearance of a species (as happened for example to A. f. fabalis in the south east of the Netherlands and to A. f. rossicus in northern Spain), but they could not lead to the collapse of a large population. Currently the Tunguska catastrophe seems to be one of the only remaining hypothesis that might explain the disappearance of A. neglectus. We assume that there probably was a connection between this catastrophe and the disappearance of A. neglectus: -The Tunguska catastrophe occurred in June 1908. It caused severe forest fires, which according to reindeer farmers killed thousands of reindeer at once (Habeck & DeSmet 2002 , Lombry 2015 ; -In 1908, in the first autumn after the catastrophe, Madarász (1909) could not find a single juvenile A. neglectus among the winter birds in the Hortobágy puszta. In the spring of 1909, he found only one young bird which had been collected on the Lower Danube in Hungary; -The number of Sushkin's Bean Geese reached a maximum on the Hortobágy puszta between 1908 and 1911. This sudden increase was a great mystery to all Hungarian ornithologists and hunters. According to Tarján (1926) and Csörgey (1928) the sudden increase after 1908, the year of disaster, was the result of a different migration route; - Silagadze (2005) demonstrated that the genetic abnormalities that occurred after the Tunguska catastrophe could be due to the presence of electrophonic meteors, which would have triggered an electrophonic radiation. During their orientation, birds are subjected to electromagnetic fields (Kimchi & Terkel 2001 , Wiltshko & Wiltshko 2005 , Prato et al. 2013 ). The first two research teams also found that the presence of light is not a prerequisite for magnetoreception, which facilitates an immediate impact of the magnetic field on orientation. Electromagnetic radiation, even a low frequency, can affect the central nervous system (Marino & Becker 1977) , it can kill mice and cause physiological stress (many authors). Could those electromagnetic waves have been responsible for a change in orientation in A. neglectus? Many studies indicate that this possibility may be considered (e.g. Brent et al. 1993 Repacholi 1998 , Hardell & Sage 2008 ; -It was a mystery in the Hortobágy puszta when the numbers of neglectus declined abruptly and inexplicably after 1911. Several researchers reported that genetic disorders could be caused by the Tunguska catastrophe, e.g. Nesvetajlo 1998 , Rychkov 2000 , Vasil'ev 2004 , Silagadze 2005 ;
-As already mentioned, there was a parallelism between both the increase and decrease in the numbers of A. neglectus on the Hortobágy puszta and in the surroundings of Tashkent. According to archaeological research, A. neglectus was not the only goose species that has become extinct on the Siberian mainland in recent times. Zelenkov (2008) and Zelenkov and Kurochkin (2014) described Anser djuktaiensis sp. nov. which originated from the Upper Pleistocene of Yakutya (Sakha Republic, far eastern Siberia). This species was larger than A. anser and morphologically it clearly resembled this bird and A. fabalis. Panteleev and Potapova (2000) described a Bean Goose from the Holocene in the vicinity of the town of Salekhard (North West Siberia). The distribution of the width of the proximal and the length of the distal epiphysis of the femoral bones and the length and the width of the tibiotarsus were smaller in these skeletons than those of the current A. fabalis/rossicus. Maybe this Bean Goose was also a new species or subspecies?
From Anser neglectus to Anser fabalis sensu lato "Type neglectus"
During the period in which very high numbers of the SBG occurred at the three locations mentioned (eastern Hungary, Bashkiria, Tashkent), the presence of A. neglectus was still observed in several governments of European Russia and present-day Ukraine: Moscow, Kharkov, Penza, Poltava, Pskov, Ryazan, Samara, and in the Republic of Kazan, where birds were collected on the Volga river (Karamzin 1901 , Sushkin in Alphéraky 1905 , Zarudniy 1910а, Polyakov 1910 , Artobolevskiy 1924 , Sushkin 1928 in litt. in Schenk 1930 , Gavrilenko 1929 , Schenk 1929 , Grote 1930 , Тugarinov 1932 , Hartert 1932 , Perschakow in Grote 1932 , Dement'yev in Buturlin & Dement'yev 1935 . In each case it was a matter of observations of small numbers. Considering the similarity with the large invasions of the SBG, these records may be regarded as mainly referring to the 'true' A. neglectus.
Although the descriptions were not always complete, sightings of A. neglectus were also noted in the following countries/regions: Albania, Lake Skadar (Reiser in Stresemann 1922 , Schenk 1930 Apulia, (Arrigoni degli Oddi 1929) Bulgaria (Klein 1927) Croatia near Trilj (Kolombatovič in Stresemann 1922) Denmark (Schiöler 1921 , Ringleben 1953 Germany, four records in Stresemann (1922 Stresemann ( , 1929 Stresemann ( , 1930 Stresemann ( , 1934 (Berry 1934) .
Provided all these observations coincide with the mass appearance of the 'real' SBG in the three main regions mentioned, we may reasonably assume that the observations cited also referred to the 'real' neglectus.
The records of A. neglectus in the Altai Mountains, India (Assam), China and Japan are a different matter (Stuart Baker 1929 , Zarudniy in Grote 1930a , Kamner 1932 , Hartert 1932 , Tugarinov 1932 , Dement'yev in Buturlin & Dement'yev 1935 , Sushkin 1938 , Johansen 1959 , Ali & Ripley 1968 , Ruokonen & Aarvak 2011 . Several authors, e.g. Sushkin in Alphéraky (1905) , Schenk (1929) and Grote (1934) thought that the 'real' A. neglectus was also found in all these locations and that the SBG would therefore have had a large area of distribution. However, the studies by Alphéraky (1907) , Danilov (1930) and Dementieff (1936) showed that the A. neglectus identified in these regions, far away from the usual migration and wintering areas, could be considered as colour variations of the eastern subspecies, middendorffii and serrirostris. These colour variations of bill bands and legs, which have also been identified in the other subspecies fabalis and rossicus, are completely unrelated to the 'real' A. neglectus.
Since 1934, the year of the last confirmed observations of A. neglectus in Hungary, there have been regular, although rare, sightings of A. fabalis and A. f. rossicus "Type neglectus" in many countries of Central and Western Europe. Without a shadow of doubt, the colour of the bill band and legs of all these birds was as described for the 'real' A. neglectus. But neither their dark plumage nor their call corresponded to the original description by Sushkin (1897a Sushkin ( , 1897b . All cases involved individuals or families (e.g. Hachler 1944 , Nagy 1961 , Voous 1963 , Voous et al. 1973 , Klafs & Stübs 1987 , Van Impe 1988 , Königstedt 1990 , Perco 2012 . Only the observations of groups in the Netherlands (concentration of up to 38 birds) are an exception to this rule (van den Bergh 2004) and therefore deserve confirmation.
The mystery of Anser neglectus is not resolved and further research is needed. As stated formerly, a lot of questions still arise. Further genetic studies on existing museum specimens are highly recommended. Although the detrimental effects of the Tunguska event cannot be excluded, researches for isotopes unique for the Tunguska environment will be welcome in the future (T. Csörgő in litt.).
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